With the Paris Agreement coming into effect, China, as the largest CO 2 emitter in the world, will be facing greater pressure to reduce its carbon emissions. This paper discusses how to solve this issue from the perspective of financial development in China. Although many studies have analyzed its impact on carbon emissions, the conclusions are contradictory. A major criticism of the existing studies is the reasonability of the selection of appropriate indicators and panel estimation techniques. Almost all studies use only one or limited indicators to represent the financial development and ignore the cross-sectional dependence. To fulfil the gaps mentioned above, a financial development index system is built, and with the framework of the STIRPAT (Stochastic impacts by regression on population, affluence, and technology) model, this paper applies an ARDL approach to investigating the long-run relationship between financial development and carbon emissions and a dynamic panel error-corrected model to capture the short-run impact. The empirical results show that financial development can improve carbon emissions, and such impact not only shows a regional difference but also reflects the features of stage differences. Additionally, based on the discussion on seven specific aspects of financial development, our findings can be helpful for policy makers to enact corresponding policies to realize the goal of reducing carbon emissions in China.
Introduction
The notion that only developed countries face environmental degradation is invalid, at least in terms of consequences, because the greenhouse gases have an enormously negative impact on both developing and developed countries regardless of the source of the gases [1] . The burning of fossil fuels and human activities results in a large increase in the concentration of greenhouse gases, which causes the extreme climate events and seriously deteriorates living conditions for humans [2] . On the one hand, global warming will aggravate destruction of the environment, which will result in a more frequent and lasting extreme climate, such as tornadoes and droughts. From 1900 to 2015, the global average temperature rose by 1.02 • C [3] . On the other hand, climate change is greatly challenging the sustainability of human society and threatening human health, causing respiratory disease and malnutrition [4] .
According to Global Carbon Projects [5] , the total amount of carbon emissions and carbon emissions per capita is 36 billion tons and 5 tons, respectively, which set a new historical record. The concentration of all greenhouse gases continues to increase, and the greenhouse gas index in 2015 is 37% higher than that in 1990, among which the contribution of CO 2 is approximately 80%. Figure 1 demonstrates the distribution of carbon emissions in the world, which also verifies that China has surpassed the European Union and the U.S. and has become the largest carbon emitter in the world [6] . In Figure 2 , the energy structure of China, the U.S., the European Union, India, Russia, Indonesia, Brazil and Japan can be seen clearly. Coal, oil and natural gas are three main sources for carbon emissions.
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concentration of all greenhouse gases continues to increase, and the greenhouse gas index in 2015 is 37% higher than that in 1990, among which the contribution of CO2 is approximately 80%. Figure 1 demonstrates the distribution of carbon emissions in the world, which also verifies that China has surpassed the European Union and the U.S. and has become the largest carbon emitter in the world [6] . In Figure 2 , the energy structure of China, the U.S., the European Union, India, Russia, Indonesia, Brazil and Japan can be seen clearly. Coal, oil and natural gas are three main sources for carbon emissions. To address the issue of climate change, the global community has agreed that each country is to adopt measures to alleviate global warming, such as improving energy use efficiency [7] . The European Union has implemented an Emission Trading Scheme and proposed to reduce carbon emissions by approximately 20-30% by 2020. The UK was the first county to include emission reduction into a legal framework. China began to focus on energy and environmental problems in the 21st century, and a series of effective measures have been taken. In 2009, China promised that carbon emissions reduction would be included in the middle-and long-term development plan for the national economy and social development as an obligatory target, and the carbon emission intensity (CEI) in 2030 would decrease by 60-65% compared to that in 2005 [8] , which shows a great determination on China's part to reduce carbon emissions. Since 2000, China has made large contributions to reducing carbon emissions, and its detailed policies are listed in Appendix A, Table A1 .
According to CDIAC [9] , the Chinese carbon emissions levels have staged characteristics, which can be divided into the following four phases: (1) 1978-1995 To address the issue of climate change, the global community has agreed that each country is to adopt measures to alleviate global warming, such as improving energy use efficiency [7] . The European Union has implemented an Emission Trading Scheme and proposed to reduce carbon emissions by approximately 20-30% by 2020. The UK was the first county to include emission reduction into a legal framework. China began to focus on energy and environmental problems in the 21st century, and a series of effective measures have been taken. In 2009, China promised that carbon emissions reduction would be included in the middle-and long-term development plan for the national economy and social development as an obligatory target, and the carbon emission intensity (CEI) in 2030 would decrease by 60-65% compared to that in 2005 [8] , which shows a great determination on China's part to reduce carbon emissions. Since 2000, China has made large contributions to reducing carbon emissions, and its detailed policies are listed in Appendix A, Table  A1 .
According to CDIAC [9] , the Chinese carbon emissions levels have staged characteristics, which can be divided into the following four phases: (1) During the Asian financial crisis in 1997, the Chinese financial development had been in a downward state when the deflation occurred. After 2002, China began to decrease the deflation and growth rate of both carbon emissions and GDP. In 2008, the American subprime mortgage crisis triggered a global financial crisis, which pushed the Chinese finance into a brief recession. Therefore, at the end of 2008, China implemented a simple monetary policy and proactive fiscal policy to promote the rapid growth of energy consumption and financial development. Then the broad money supply M2 in 2013 was 11.07 billion yuan, which occupies a leading position in the world. Carbon emissions and financial development peaked from a global perspective almost simultaneously [10] . Based on the rules above, there is a high correlation between financial development and carbon During the Asian financial crisis in 1997, the Chinese financial development had been in a downward state when the deflation occurred. After 2002, China began to decrease the deflation and growth rate of both carbon emissions and GDP. In 2008, the American subprime mortgage crisis triggered a global financial crisis, which pushed the Chinese finance into a brief recession. Therefore, at the end of 2008, China implemented a simple monetary policy and proactive fiscal policy to promote the rapid growth of energy consumption and financial development. Then the broad money supply M2 in 2013 was 11.07 billion yuan, which occupies a leading position in the world. Carbon emissions and financial development peaked from a global perspective almost simultaneously [10] . Based on the rules above, there is a high correlation between financial development and carbon emissions in China. Therefore, the influences of financial development on carbon emissions should be researched in depth.
Financial development may both stimulate the increase of carbon emissions and promote its reduction [11] . On the one hand, financial development has both a wealth and scale effects [12] . For the wealth effect, the prosperity of the financial market can allow customers to obtain wealth and capital more conveniently, which would satisfy the needs of the customers for energy consumption products and encourage them to purchase more cars, houses and so on, which would obviously increase carbon emissions. Meanwhile, the expansion of financial development and the capital market is beneficial for the expansion of the production scale of enterprises and marketing activities, which encourages the adoption of financing to build new production lines and purchase large-scale equipment to expand production. Thus, the scale effect of financial development on carbon emissions is clear.
However, financial development can also have a technological and structural effect on carbon emissions [12] because the financial development and prosperity of a capital market can attract more foreign direct investment with high technology and more investment for research and development, promoting technological advancement and curbing carbon emissions in local regions. At the same time, a developed financial market prefers investment in environmentally friendly projects, which can offer more convenient financing and motivation for new projects and facilities that have the advantages of energy conservation and emission reduction or market potential. Therefore, the industry and energy structure can be enhanced, and the structural effect of financial development on carbon emissions is apparent, which could promote the development of a low-carbon economy.
Based on the discussion above, in theory, the relationship between financial development and carbon emissions can be positive or negative; thus, the practical correlation needs to be analyzed more deeply and thoroughly. This paper proposes a novel method to solve this issue, which combines the establishment of an index system for financial development, the application of an extended STIRPAT model and the use of an error correction-based model based on cross-sectional independence. The main practical and theoretical significance of this paper is listed as follows:
(1) With environmental degradation and resource exhaustion, all countries face great pressure regarding carbon emissions. In total, 175 countries have signed the Paris Agreement, which is a positive and solid step towards jointly face one of the most important long-term challenges currently: climate change. As the largest carbon emitter, China's efforts to reduce carbon emissions can notably contribute to mitigating global warming. Therefore, researching carbon emissions in China is of great significance. Additionally, the influences of many factors on carbon emissions, such as urbanization and population, have been clear. However, there are mixed conclusions on how financial development affects carbon emissions due to different research approaches, selected variables and so on. In fact, with the integration of the global economy and the rapid development of the financial industry, financial development has played an increasingly pivotal role in influencing carbon emissions. Thus, this research has great practical significance. (2) The approach of this paper in researching the relationship between carbon emissions and financial development is different from previous studies in the following aspects:
When measuring financial development, we creatively establish a comprehensive evaluation index system to represent it instead of a single variable. To the best of our knowledge, it is impossible to fully measure financial development by using only one index, which will have an influence on the reliability of the analysis results. Additionally, giving proper weight to each individual variable in the index system plays a pivotal role in deciding the effectiveness of the system. Therefore, this paper combines a sequential global principal component analysis and the entropy weight method to ensure that the correct weight is used, which can overcome subjectivity and leverage each method fully. When calculating carbon emissions, this paper considers both the combustion of 13 types of fossil fuels and the production of cement, which can make the calculation of carbon emissions more accurate and comprehensive. The ARDL approach is applied to investigate the long-run relationship between financial development and carbon emissions, and a dynamic panel error-corrected model is utilized to capture the short-run impact. Before estimation, we test whether each region is independent, after which a cross-section mean group (CMG), pooled mean group (CPMG) and dynamic fixed effect (CDFE) are applied to estimate the parameters in the equation. The fourth feature of the proposed method is the application of the STIRPAT model. It has been proven to be effective in researching the influencing factors of carbon emissions, and one apparent advantage is that the model can be expanded to include the financial development index, apart from some common factors. Apart from discussing the overall impact, we also divide China into different regions and stages to explore the regional and stage differences of the impact. Different from the time series data, the panel data can be more representative and effective in researching Chinese carbon emissions. Furthermore, we also discuss the impact of seven specific aspects of the financial development index system on the carbon emissions level.
(3) Our research results not only provide the basis for policy makers in China to control carbon emissions but can also explain the relationship between financial development and carbon emissions in other developing countries in the world, such as India. Currently, financial development can facilitate carbon emissions, indicating that the wealth and scale effects are larger than the technology and structure effects. Moreover, the relationship is different in different regions and stages. With the extensive economic growth mode, financial development can lead to the increase of the carbon emissions level, and financial development will gradually show a tendency to constrain the carbon emissions level as the policies and economic structure change.
The remainder of this paper is arranged as follows: Section 2 presents a literature review. The methodology is described in Section 3, and Section 4 introduces the data and variables. Section 5 shows the empirical results. Section 6 discusses the conclusions and policy recommendations.
Literature Review

Methods to Measure the Influencing Factors of Carbon Emissions
Currently, main types of methods that are applied to measure the influencing factors of carbon emissions include: the factor decomposition analysis, STIRPAT model, and models based on an environmental Kuznets curve (EKC). The index decomposing analysis (IDA) is a commonly used method belonging to the factor decomposition analysis category that studies the driving factors of carbon emissions. The IDA model is inherited from the IPAT model with the index number concept for the decomposition analysis. The model needs less data and can be applied to study spatial and time series data. Several types of IDA models are available, such as the most well-known Kaya identity and the most generally applied Laspeyers index and Divisia index [13] [14] [15] [16] [17] . However, sectors are highly aggregated when using IDA models, which can limit policy decisions to the sectoral or product scale. Some key factors are usually ignored when using IDA models due to the limitation of data sources and model framework. Therefore, many scholars [18] [19] [20] [21] choose to use the STIRPAT model to research the influencing factors of carbon emissions because the STIRPAT model can be expanded to incorporate additional factors; as a result, it has become well known for uncovering the impact factors of pollutant emissions [22] . The STIRPAT model is flexible for testing certain hypotheses, such as whether elasticities differ across development levels, whether a population's elasticity is different from unity and so on. If the elasticity of the population is one, the variable of population is often removed via division, so the dependent variable would be in a per capita form, and the EKC framework usually applies this form [23, 24] . The essence of EKC is to determine whether there is an inverted-U shape between the economy and environment. When the environmental variable is carbon emissions per capita, EKC refers to the carbon Kuznets curves (CKC) [25] [26] [27] [28] . Both EKC and CKC assume that pollution will show a rising trend first and then present a decreasing tendency after a certain threshold level of income is reached [29, 30] . The CKC model is combined with energy-GDP causality by adding energy consumption as an explanatory variable to the classic CKC model. The new method is called the emission-energy-output (EEO) model [31] [32] [33] [34] . Table 1 summarize the abovementioned literature.
Financial Development Indexes
The level and quality of financial development can be measured by indexes of financial development. From the appearance of the financial interrelation ratio (FIR) to the current various financial development indexes, the function and connotation of financial development have been reflected more comprehensively and clearly. Goldsmith [35] creatively developed FIR to measure the financial development level in a country or region, and it is the ratio of the market value of all financial instruments to the market value of national wealth. However, FIR is simplified, using GDP as the denominator and the total value of financial assets as the numerator. The appearance of FIR laid a foundation for follow-up studies of financial development. 
China 2000-2012 Energy structure, intensity, energy efficiency, economic development, population Logarithmic Mean Divisia Index (LMDI) method 
STIRPAT model 
Mckinnon [36] proposed the well-known theory of financial depth and indicated the basic indexes to measure financial depth, which is the ratio of M2 to GDP. However, the above two indexes are not appropriate for application in China owing to their limitations.
In the 1990s, new indexes were developed to represent financial development. King and Levine [37] presented Private and Privy indexes. The Private index was the ratio of credit and loans of the non-financial private sector to the total quantity of credits and loans. The Privy index was the ratio of credits and loans of the non-financial private sector to GDP. The increase of the two indexes can reflect the improvement of the efficiency of finance resource distribution. Levine and Zervos [38] developed a type of index to measure whether the stock market was active to reflect the financial development level. The method included three indexes: the capitalization rate, turnover rate and trading rate. The capitalization rate was the ratio of the total market value of stock in the stock exchange to GDP, the turnover rate was the ratio of trading volume in the domestic stock market to total market value of stock in the stock exchange, and the trading rate was the ratio of trading volume in the domestic stock market to GDP.
Next, Khan and Senhadji [39] established four simplified financial indexes based on previous studies and the International Financial Development Statistics, which are the ratio of domestic credit in non-official departments to GDP, the ratio of the sum of domestic credit in non-official departments and total market value in the stock market to GDP, the ratio of the sum of total market value in the stock market and total market value of debt in the public sector to GDP, and the ratio of the market value of stock to GDP. Additionally, Beck and Levine [40] proposed an index system to reflect the overall level of financial development and financial structure. The former included financial liveliness, financial scale, financial size and dummy variables, and the latter included structural liveness, structural scale, structural size, structural dummy variables and structural regulation.
Afterward, a large number of empirical studies have been conducted, but no pioneering indexes were proposed to measure financial development. In general, as shown in Table 2 , indicators can be divided into three types. The ratio of real domestic credit to private sector per capita is an indicator that would be taken into consideration by most scholars. Foreign direct investment is also an important factor to measure financial development; however, its impact on carbon emissions is not unified. Additionally, indicators that measure the development of the stock market are also applied to reflect financial development more comprehensively. In current studies on the relationship between financial development and carbon emissions, most scholars use only one indicator to represent the overall situations of financial development, which is one-sided and lacks representativeness. Moreover, the problem of how to ensure the weight of each index is also not solved; thus, they fail to reflect the real level of financial development. In addition, simply applying the above indexes to study the impact of financial development on the carbon emissions in developing countries has major limitations. Therefore, this paper redefines the connotation of financial development and builds a scientific, systematic and comprehensive evaluation index system to represent financial development.
Methods to Research the Relationship between Carbon Emissions and Financial Development
A large variety of methods are applied to study the relationship between carbon emissions and financial development, including the ordinary least square-OLS [41] , Johansen panel cointegration and vector error correction-based Granger causality [42, 43] , autoregressive distributed lag-based cointegration and Granger causality [44] [45] [46] [47] [48] , static panel data analysis [49] , dynamic panel data analysis [50, 51] and heterogeneous panel data analysis [52] . A number of studies focus on cross-regional research with multiple regions and a long time period among the studies reviewed, so the dynamic panel data analysis developed by Pesaran [53] is adopted to manage such cases.
However, from the literature, it is clear that the largest challenge for the dynamic panel data model is how to select a suitable estimating technique. In general regression models, the lagged item of the dependent variable can cause an endogeneity problem, so the conventional least square regression with fixed effect or random effect will lead to bias and inconsistency of estimated coefficients. To handle this issue effectively and successfully, the generalized method of moment (GMM) based on difference was developed to obtain more effective estimated results. However, when estimating the regression coefficients, it is assumed that all coefficients are homogeneous and that only the constant could vary. Both methods obtain a biased estimated coefficient. In comparison, when the panel data contain a large amount of cross-sectional and time series data, the mean group (MG), pooled mean group (PMG) and dynamic fixed effect (DFE) estimated method can be adopted. The MG method allows for all coefficients and variance of errors to be heterogeneous; however, this method is easily affected by the individual abnormal value, resulting in a biased estimation. Given that, PMG was proposed to limit the fact that the long-term coefficient in the model is homogeneous and allows heterogeneous short-term coefficients and variance of errors. Compared to MG, PMG improves the efficiency of the estimation. Additionally, DFE assumes that both long-term and short-term coefficients can be homogeneous, but the intercept item can be different. The Hausman test can be adopted to further ensure which method is more suitable and whether the long-term coefficients are homogeneous [54] .
Nexus between Financial Development and Carbon Emissions
The financial development covers a wide range of meanings, including financial depth, financial size, financial efficiency, financial openness, financial structure, financial growth and financial ecology, highly correlating with the degree of capital flows in financial institutions, capital markets, and foreign direct investment (FDI) [55] . Zhang [56] considered that the carbon emissions in a country did not necessarily depend on its income level alone; the financial development, especially for an economic entity with ever-deepening financial systems, such as China, might be another source, and the carbon emissions could be affected by upper mechanisms. To the best of our knowledge, carbon emissions are a function of the level of consumption/wealth, the energy intensity of that consumption, the energy intensity of the production of goods and services, and the carbon intensity of energy. Therefore, it is necessary to discuss how various financial measures affect those four aspects.
First, the financial development can have a direct influence on consumption level through providing residents with consumption credit services and indirectly affect the tendency and demand of their consumption. With the continuous optimization of financial structure, the financial risks become lower, so customers can plays a more positive role in the financial activities, such as investment and finance [57] . The consumption credit services and other financial products can effectively relieve liquidity constraint of income groups, improving the consumption level [58] [59] [60] . Additionally, according to the Keynes consumption function, the increase of capitals can also improve the level of consumption, and the financial institutions can change the total utility of residents through providing consumption credit services. Furthermore, financial institutions can further stimulate the consumption level through offering the support of technology and capitals to improve the ability of bearing risks and improve liquidity constraints.
Second, for consumers, on the one hand, when the financial development is improved, consumers can borrow more easily in order to purchase "large-ticket" items, thereby increasing the consumption in energy (when such items include automobiles, air conditioners and machinery) [61, 62] . On the other hand, the constantly perfected institutional system and service system of finance can facilitate the green credit and research and development of low-carbon financial product innovation [63] . With the continuous optimization of financial ecology, the establishment of low-carbon products certification system and support of low-carbon products development can provide more detailed channels for carbon emissions reduction. During the progress of financial depth, the confidence of consumers and business is built, which can lead to expansion in the economy and create demand for energy intensive products [64] .
Third, for companies, the development and perfect of financial system can attract more foreign investment, which could transform idle capitals into working capitals, accelerate the capital formation and accumulate creative talents (financial size); the perfected financial system can also create more financial tools and products and increase the scale of credits and securities market to reduce information asymmetry, increase corporate financing channels and optimize enterprises' liability structure (financial growth); the financial development can improve the investment efficiency though improving efficiency of resource allocation (financial efficiency). In a nutshell, companies can easier get access to capitals in lower costs to expand the production, which can increase the energy demand. On the contrary, the financial development can also provide capital support to encourage more companies to apply newer energy-efficient equipment to decrease energy demand. Many financial sectors can play a significant role in energy transitions. For example, the banking sector has been the main source of external finance for energy investments in most countries, with capital markets offering another alternative [65] . Capital-intensive energy production of all types can benefit from larger supplies of financial capital. When there is a larger supply of aggregate financial capital available, greater competition between capital providers helps to lower the cost of capital. If the financial capital is insufficient, some energy projects may no longer be commercially viable, due to the elevated cost of capital [66] .
Finally, the carbon intensity of energy can reflect the degree of carbon-reduction technology in a region. It is supposed to expand financial openness, accelerate financial depth and improve financial efficiency to promote the technological progress, and further reduce carbon emissions. According to the analysis above, it can be known that the financial development can affect the carbon emissions through influencing the energy consumption of production and consumption, and such impact can be positive or negative. On the one hand, financial development can promote financial openness, which means that trade between nations becomes more frequent [67] . For developing countries, the rapid development of foreign trade will boost the domestic economic growth. However, most of the export products have high energy consumption and low additional value; that is, the increase of trade is at the expense of the environmental pollution. According to the pollution haven hypothesis, developed countries will regard the developing countries as the pollution haven [68] . On the other hand, the trade of new high-tech products and the service trade control can obviously lead to the carbon emissions reduction.
In general, whether the financial development increases or decreases the energy consumption depends on the sum of each effect. As shown in Table 2 , the literature shows mixed results, which can be summarized as follows: Shahbaz et al. [45] and Charfeddine and Khediri [2] both proved the inverted-U shaped relationship between financial development and carbon emissions. Financial development can play a positive and significant role in combating environmental degradation in a country [69] , and Jalil and Feridun [70] argued that financial development could lead to a decrease in environmental pollution. Salahuddin et al. [71] , Mulali and Sab [72] , Mulali and Sab [73] and Dogan and Seker [74] all supported the view that financial development was found to reduce CO 2 emissions, and CO 2 emissions had an impact and a positive causal relationship with financial development in the short and long run. However, Ozturk and Acaravci [75] and Abbasi and Riaz [76] held a different view, in which the financial development variable had no significant effect on per capita carbon emissions in the long run and financial development had led to the increase of CO 2 emissions. Gokmenoglu et al. [77] and Boutabba [78] proved a unidirectional causality relationship between carbon emissions and financial development. Other research results focus on the impact of different indicators, such as financial openness [1, 79] , FDI [56, 80] and the credit and stock market [11] .
The mixed nature of the empirical findings investigated above can primarily be attributed to the individual researcher's selection of methods, research periods and regions, and variables [81] . Although the studies above are able to enrich our understanding of the impacts of financial development of the carbon emissions level, they have failed to offer reasonable and sufficient evidence on the inner relationship between the two aspects, a significant factor for the government in developing supporting policies for financial development and carbon emissions reduction. In addition, although scholars have conducted a considerable number of studies on the relationship between carbon emissions and financial development, they only use one or several indicators to represent financial development, which is one-sided and cannot reflect the real context of Chinese financial development. The ratio of domestic credit to the private sector to GDP, and the stock traded turnover ratio PVAR CO 2 shocks on both credit and stock markets are insignificant. [11] Furthermore, to simply apply these indicators to an analysis of China has great defects because they cannot represent the financial development of China properly. Therefore, this paper constructs a comprehensive index system of financial development that is in accordance with the actual Chinese context to explore its impact on carbon emissions. In addition, we also divide the comprehensive index into seven sub-aspects to study their relationship with carbon emissions. Additionally, few studies have focused on the error-correction mechanism when analyzing the long-term equilibrium relationship, so this paper applies an error correction-based dynamic panel data model to analyze the influences to overcome this issue. Furthermore, the financial development of China in different regions and stages are different; therefore, it is necessary to analyze the influences of regional financial development on carbon emissions to propose regional financial support policies to reduce carbon emissions. Thus, the research of this paper is of great innovation significance.
Methodology
Sequential Global Principal Component Analysis (SGPCA)
Essentially, PCA is a variant of a multivariate analysis that is based on the data analytic technique and attempts to reveal the multivariate structure of the data [82] . The purpose of this paper is to construct a new composite indicator, the financial development index (FDIN). The use of a multivariate method, such as PCA, is necessary to manage the simultaneous treatment of a series of variables [83] . PCA is performed by identifying the Eigen structure of the correlation matrix of the original data [84] .
Assume that the original variables are X 1 , X 2 , . . . , X n , and the main steps of PCA are as follows:
Step 1 Z-score normalization. The first step for processing the original data is to eliminate the dimension of data. The equation is
where X ij is the original data of the ith index and jth sample. X i and σ i represent the mean and standard deviation of ith index, respectively.
Step 2 According to the normalized data matrix (X ij ) n×p , calculate the correlation coefficient matrix R = (r ij ) n×n .
Step 3 Calculate the eigenvalue and eigenvector of R. The eigenvalue is calculated based on the characteristic equation |R − λI| = 0, which is the eigen-polynomial of r n λ p + r n−1 λ p−1 + . . . r 1 λ + r 0 = 0. Solve and order λ 1 , λ 2 , . . . , λ p , ranging in size:
List the eigenvector with regard to the eigenvalue λ k .
In general, when there are many variables, the Jacobi method is applied to calculate the eigenvalue and eigenvector.
Step 4 Calculate the contribution rate. The equation of the contribution rate and cumulative contribution rate is described in Equations (4) and (5) here:
The principal component can be extracted when the cumulative contribution rate of eigenvalues
Step 5 Calculate the principal component load matrix, which is the correlation coefficient between the principal component Z k and the variable X i .
Step 6 Scores of the principal component can be obtained with the following equations.
Based on the idea of classical PCA, this paper applies SGPCA to address the panel data. The original data are ordered according to year T and region S, forming a T × S matrix.
Entropy Weight Method (EWM)
The entropy-weight method is based on Shannon entropy, originally developed by Shannon [85] , which is proposed as a measure of uncertainty in information and is formulated in terms of probability theory [86] . Hence, the weights identified by entropy are also the measurement of the disorder degree of the evaluation system [87] . Entropy weight represents useful information of the evaluation index [88] and is a method that can objectively determine the weights of criteria. This method is applied in many industries, such as transport systems [89] , environmental time series data [90] and so on. The specific steps of EWM are described as follows:
Step 1 Non-negative data processing. Equation (8) demonstrates that entropy is a type of calculation between the individual indicator x j and its corresponding X ij , which is not related to the calculation between x i and x j . Therefore, there are no dimensional differences among the data, but the procedure requires non-negativity. The data processing of the large indicator and small indicator is listed in Equations (8) and (9), respectively:
Step 2 The proportion of the jth indicator of the ith scheme is
Step 3 The entropy of the jth indicator is:
where k > 0, ln is the natural logarithm, e j ≥ 0. The constant k is relative to the sample size m, and in general, k = 1/ ln n and 0 ≤ e ≤ 1.
Step 4 Calculate the difference coefficient of the jth indicator. For the jth indicator, a larger difference g i of indicator X ij plays a larger role in evaluating the case:
Step 5 The entropy weight of the jth indicator is:
Combination of SGPLA and EWM
SGPCA can use a linearly independent principal component to replace the original data structure, and the weight of the principal component can be calculated by the contribution rate of factors, which effectively avoids the influence of redundant data on the evaluation results. However, the weight of indicators is concentrated, which will conversely affect the accuracy of the results. In comparison, the single EWM also has its own shortcomings. The evaluation results sometimes disregard the importance of the indicators themselves, and the weight is notably different from the expected results. Therefore, to address the issues above, this paper combines SGPCA with EWM to adjust the weight of the indicators, making the results more objective and reliable. This successfully prevents the influences of subjective factors but can also overcome the drawbacks of single objective evaluation method. The comprehensive weight model is as follows:
where W j is the weight obtained by SGPCA and w j is the weight calculated by EWM.
The Expanded STIRPAT Model
The IPAT model is proposed to specify the driving forces that influence environmental pressure. In the IPAT model, (I) represents the environmental impacts, which is the product of three demographic and economic factors as follows: population (P), affluence (A), and technology (T). The IPAT model is a concise and simple way to examine the impact factors of environmental pressure, with the basic form listed in Equation (15):
Using this model as a basis, the STIRPAT model is developed. The relationship between I, P, A and T is maintained in the STIRPAT model; however, it modifies some weaknesses of the IPAT model. To be specific, it rejects the unit elasticity assumption and adds randomness for convenience in the empirical analysis. Moreover, the STIRPAT model can also be used to examine several factors, such as urbanization, industrial structure and energy structure by decomposing the population and technology terms. Due to the feasibility of the STIRPAT model, this paper utilizes the model to analyse the influence of financial development on carbon emissions by using the form of expanded STIRPAT to examine the short-term and long-term relationship. The basic form of STIRPAT is listed in Equation (16):
where i denotes the province, t represents time, α is a constant and e is the error term. Taking the natural logarithm of both sides of Equation (16), Equation (17) can be obtained:
where v takes control of the province-specific fixed effects, and the new error term ε it is the natural logarithm of e. In Equation (17) , two new variables will be added, which are financial development and the square of financial development, because the current coefficients cannot reflect the relationship between financial development and carbon emissions. The introduction of the financial development aims to determine whether the influence is positive or negative, and the function of the quadratic term is to test whether the inverted-U shape exists. In this model, P denotes the variable of the population (POP), A is represented by GDP per capita (GDPPC), and T stands for the industrial structure (IS). According to [29, 91] , we remove population from the right-hand side and divide the dependent variable by the population. The detailed equation is shown in Equation (18):
In Equation (18) C it denotes the carbon emissions per capita (CEPC), F it measures financial development, and F it 2 denotes the quadratic term of financial development. In addition, in this paper,
we also investigate the relationship between the carbon emissions and the seven detailed aspects of financial development: financial size (FSZ), financial structure (FST), financial openness (FOP), financial depth (FDP), financial growth (FGR), financial efficiency (FEF) and financial ecology (FEC). Thus, Equation (18) can be expanded into Equation (19) when measuring such relations:
The Pooled Mean Group Estimator
If the panel dataset is stationary, the standard panel regressions on Equation (18) can be applied to estimate effective and consistent parameters. Otherwise, a dynamic model obtained by using an auto regressive distributed lag model (ARDL) needs to be constructed for the panel data with cointegration. The developed ARDL model is a type of auto regressive model of order p in the dependent variable C, and the form is ARDL (p; q, q, q, q), as shown in Equation (20):
Equation (21) is transformed into a panel error-correction model to enhance the efficiency and is a PMG form. The PMG approach dictates that in estimating the long-run effects and the speed of adjustments to the long run, we must allow the short-run dynamics to be determined for each country. The PMG estimators are consistent and efficient even in the presence of endogenous and non-stationary regressors, which is described in Equation (21):
where
In Equation (21), φ i is the error-correcting speed of adjustment, and with a significantly negative value, the impacts of the independent variables are cointegrated. That is, the long-run mean reversion exists. The long-run influences are represented by a φ , b φ , c φ , d φ and e φ , respectively. Accordingly, the short-run impact is captured by a * , b * , c * , d * and e * .
Based on Binder and Offermanns [92] , Equation (21) can be respecified to correct for the cross-sectionally correlated errors as follows:
2 are the cross-sectional average.
Data and Variables
The research aimed to study the relationship between financial development (FD) and carbon emissions level (CEL) based on a regional analysis by applying the panel data, so we collected data covering 30 provinces in China from 2000 to 2013, considering the data availability. A detailed calculation of the variables is introduced in this section.
Calculation of Carbon Emissions in Each Province
Currently, fossil fuel combustion and the production of cement are two main sources for carbon emissions in China, so when calculating carbon emissions, this paper considers these two aspects. The most commonly used fossil fuels in China are coal, oil and natural gas, which results in a proportion of 66%, 17.1% and 5.7%, respectively, in total energy consumption; thus, this paper chooses the terminal consumption values of 13 types of main fossil fuels to calculate the cumulative carbon emissions to enhance the accuracy of data, including raw coal, cleaned coal, other washed coal, briquettes, coke, crude oil, gasoline, kerosene, diesel oil, fuel oil, liquefied petroleum gas, refinery gas and natural gas. The detailed calculation equation is described as follows:
where M itj represents the physical quantity of the jth fossil fuel in the ith province in the tth year. K j denotes the standard coal efficiency, which can be found in the China Statistical Yearbook (2014) [93] , and q j is the carbon emissions coefficient published by IPCC in 2006 [94] . Assuming that the utilization efficiency of fossil fuels is unchanged in the short term, the carbon emissions coefficient of each fossil fuel is constant. The level of carbon emissions during the cement production process is also taken into consideration. The calculation is shown in Equation (24):
where N it represents the physical quantity of cement in the ith province in the tth year, and a is the carbon emissions factor, which is 0.5272 [95] . The data of the cement output in each province of China are collected from the CEinet Statistics Database [96] .
Financial Development Index System (FDIS)
Financial development covers a wide range, and it is a challenging and difficult task to measure it accurately. We need to build a comprehensive and scientific index system to describe the regional financial development of China.
As discussed above, financial development has been measured by using different types of indexes without a unified standard, which will cause measuring errors and influence the reliability of the research results. Specifically, this is why people sometimes obtain completely different conclusions when studying the relationship between FD and CEL. Therefore, this paper constructs an innovative financial development index system to overcome the limitations mentioned above. According to the conception of financial development and existing literature, financial development includes the following seven aspects: financial size, financial structure, financial openness, financial depth, financial growth, financial efficiency and financial ecology. The measurement of each indicator is shown in Table 3 The process of industrialization includes technological advancement, which can redistribute the production factors and improve the production efficiency. However, in the early stages of industrialization, the carbon emissions will increase.
Other Variables
Notes: (1) + indicates that the impact is positive; (2) − indicates that the impact is negative.
Empirical Results and Discussion
Current Situations of Carbon Emissions and Financial Development
The clustering method is applied to divide all 30 provinces into four categories as follows: high emission-high development (HE-HD), high emission-low development (HE-LD), low emission-high development (LE-HD) and low emission-low development (LE-LD).
Current Situations of Carbon Emissions in China
From Figure 3I , it can be seen that the carbon emissions of Shandong, Hebei, Shanxi, Henan and Jiangsu dominate the top positions, while the carbon emissions of Qinghai and Hainan are low. Shandong and Shanxi are major provinces that produce coal, and the proportion of coal consumption occupies a large share; thus, the carbon emissions of the two provinces account for nearly 18% of the entire country. 
Current Situations of Financial Development in China
Beijing, Shanghai and Guangdong are provinces with the most sophisticated financial development, while Guizhou, Qinghai and Guangxi have the lowest financial development level. According to Figure 4IV , it can be seen that in addition to the top three provinces, the change of financial development in the other provinces is obvious and large. What is worth noticing is that the financial development of Liaoning ranks 3rd; however, in 2010, it ranked 23rd, which reflects a Figure 3II demonstrates that the carbon emissions intensity (CEI) of Ningxia is nearly three times larger than that of Guangdong. We can conclude that the carbon emissions are related to the economic aggregate, but there is no relationship between CEI and economic aggregate. Instead, CEI is related to the economic development stage and industrial development level. Figure 3III shows the changing trend of CEPC. Apart from Shanxi, whose CEPC ranks first in China and is approximately 9.6 times that of Guangxi, the order of the other provinces changes greatly. The result reflects the phenomenon that carbon emissions and energy consumption tend to be centralized in cities where population density is high. Therefore, each large-and middle-scale city has a high potential for reducing carbon dioxide.
Beijing, Shanghai and Guangdong are provinces with the most sophisticated financial development, while Guizhou, Qinghai and Guangxi have the lowest financial development level. According to Figure 4IV , it can be seen that in addition to the top three provinces, the change of financial development in the other provinces is obvious and large. What is worth noticing is that the financial development of Liaoning ranks 3rd; however, in 2010, it ranked 23rd, which reflects a declining tendency. Additionally, the provinces in the north-eastern regions have less developed financial development. In comparison, coastal regions, such as Guangdong, Shanghai and Zhejiang, have strong financial power. Furthermore, the financial development of the western region, including Ningxia and Xinjiang, exhibits a great increasing potential. 
Impact of Financial Development on Carbon Emissions
The results of cross-sectional dependence (CD), panel unit root test and panel cointegration tests are shown in Appendix C. This section will discuss the impact of financial development on the CEL in detail. Table 5 shows that the long-term adjustment coefficient of the error correction model is negative, which is in accordance with the principle of reverse correction. Additionally, the CDFE model passes 
The Overall Impact
Results of the Clustering Analysis
According to the results calculated above, we can rank each province from 1 to 30. Carbon emissions is the x-axis, and financial development is the y-axis. If the Euclidean distance between a province and the point at the bottom left corner is shorter than the other three corners, this indicates that the province belongs to the HE-HE category. Therefore, the initial clustering points are Beijing (LE-HD), Shanxi (HE-HD), Shandong (HE-LD) and Qinghai (LE-LD). The LE-HD category presents two extremes: financial development in Beijing and Shanghai is advanced; financial development in Xinjiang and Hainan is less advanced.
With respect to the different years, the changing rule can be calculated as shown in Figure 4 . LE-HD can be regarded as the most ideal development mode, and the results show that Shanghai, Xinjiang and Chongqing shift from HE-HD to LE-HD due to the improvement of the production and utilization efficiency. The HE-LD mode is the least ideal. Both Liaoning and Shandong transfer from HE-HD to HE-LD, reflecting problems during the process of financial development. From the perspective of carbon emissions, Shanxi shifts from LE-HD to HE-HD, indicating that the financial development of Shanxi has been at a high level but at the expense of the environment. Although the HE mode can meet the requirements of sustainable development, it cannot be proven that LE is sustainable. Therefore, provinces should adopt effective measures to reduce carbon emissions while promoting economic development.
Impact of Financial Development on Carbon Emissions
The results of cross-sectional dependence (CD), panel unit root test and panel cointegration tests are shown in Appendix C. This section will discuss the impact of financial development on the CEL in detail. Table 5 shows that the long-term adjustment coefficient of the error correction model is negative, which is in accordance with the principle of reverse correction. Additionally, the CDFE model passes the significance test at the 1% level, which also proves the rationality of the model. In general, the results in Table 5 demonstrate that financial development will promote CEL. A detailed analysis is as follows:
The Overall Impact
(1) For the long-term impact, the coefficients of financial development on CEPC are 0.291, which is statistically significant. Additionally, the coefficient of FD 2 is negative, which is −0.321, proving the inverted U-shape relationship between financial development and CEPC in China. The results indicate that, at the present stage, the development of finance is at the expense of the environment. (2) Compared with long-term influence, the short-term coefficient of FD on the CEPC is 0.375.
The results show that the short-term influence degree is larger than the long-term impact; therefore, the inhibiting effect of the FD on CEL requires a long time to be realized. This conclusion is valuable because it suggests that policy makers consider the long-term influence when developing policies. (3) Finally, for the overall impact of other variables, the GDPPC can facilitate CEPC. The industrial structure contributes to CEPC with a coefficient of 0.310. The results fully reflect the characteristics of high output value and low production efficiency during the industrialization process. Notes: (1) ***, **, and * denote a significance of 1%, 5%, and 10%, respectively; (2) Hausman test 1, H0: The CPMG estimator is preferred than CMG estimator; (3) Hausman test 2, H0: The CDFE estimator is preferred than CPMG estimator; (4) Hausman test 3, H0: The CDFE estimator is preferred than CMG estimator.
The Impact on Different Regions
China is a vast territory with different financial development levels, levels of GDP per capita and industrial structures among the eastern, middle, western and north-eastern regions. The difference in each area is complicated and distinctive. To explore the regional difference, China is divided into four regions as shown in Appendix D, Table A6 [64] . The number that represents each province is shown in Figure 3IV . The results of Table 6 are analysed as follows:
(1) Eastern region. FD constrains CEL in the long term. That is, if the financial development increases 1%, CEPC decreases 0.374%. Meanwhile, the coefficient of FD 2 is both negative and significant, indicating an inverted U-shape relationship between financial development and CEL [97] . Financial development in the eastern region tends to be mature, so it can constrain CEL. GDPPC can cause carbon emissions to increase, leading to a rise of energy consumption and demand. The results of other variables fully prove that the industrial process of the eastern region contains technological advancement and improvements in production efficiency, which are caused by the factor reallocation [19] . (2) Middle region. The impact is statistically significant at the 1% level with positive coefficients of 0.391. The GDPPC increases CEPC with a coefficient of 0.326. The industrial structure has a significant and positive impact on CEL. In the short term, the coefficient is larger, indicating that the middle region needs time to achieve the carbon emissions reduction. (3) Western region. The long-term coefficient of FD on CEL in western region is negative and significant, but the absolute value, 0.461, is larger than the middle region. Thus, with the improvement of the financial development level, carbon emissions will increase at a greater magnitude than the middle region. The GDPPC can affect the carbon emissions level positively at the 1% level. The western region is in a start-up stage, and the region needs to improve the investment environment, increase openings, attract social capital and participate actively in western development and establishment. (4) North-eastern region. The influence is positive and significant and exceeds the middle region at a value of 0.698. The influence of other variables is similar to that in the western region. In the short term, the impact of FD on CEPC is 0.429. As a traditional industrial base, the north-eastern region has an extensive economic development pattern. The accumulated deep contradiction is gradually becoming obvious, causing low utilization efficiency in each resource and condition. Financial development proceeds at the cost of environment. Notes: (1) ***, **, and * denote a significance of 1%, 5%, and 10%, respectively; (2) Hausman test 1, H0: The CPMG estimator is preferred than CMG estimator; (3) Hausman test 2, H0: The CDFE estimator is preferred than CPMG estimator; (4) Hausman test 3, H0: The CDFE estimator is preferred than CMG estimator.
The Impact on Different Stages
To increase more constructive suggestions on achieving the goal of carbon emissions reduction in China in 2020, this section studies the relationship between FD and CEPC in the 10th FYP, 11th FYP and 12th FYP. A detailed analysis of Table 7 is listed below:
(1) During the 10th FYP (2001-2005) , stimulated by industrialization, urbanization and internationalization, the Chinese economy achieved rapid expansion, and the industrial structure tended toward high input, energy consumption and pollution. At that time, financial development promoted CEL, and each 1% increase of financial development caused a 0.816% increase in CEPC. Therefore, financial development aggravates the carbon emissions in this stage because of the outdated production capacity, increase of enterprises with high energy consumption, lagging production technology and low production efficiency [18] . (2) The 11th FYP was a transformative period for Chinese carbon emissions with remarkable progression of low-carbon development. The increase of carbon emissions was effectively alleviated, and the increasing tendency of CEL begins to decrease. Therefore, during this time, the economic development mode changes from an investment-led pattern to a science-led pattern.
Financial development can promote CEL with a coefficient of 0.569. This confirms that although financial development can still increase carbon emissions, the impact effect greatly decreases. On the other hand, it shows that the strategies of energy conservation and emission reduction are effective and can contribute to low-carbon development. (3) The 12th FYP is a key stage for China to develop its low-carbon economy. China further adjusted its energy structure, established an energy system, changed the industrial structure, promoted the development of low-carbon industries, and developed low-carbon technology. During this time, FD promoted CEL with a lower impact magnitude, which indicates that the low-carbon development mode accelerated the independent innovation process. The expansion of financing channels, continuous perfection of the carbon trade mechanism and improvement of technological research abilities are beneficial for China in realizing a low-carbon economy.
The Impact of Different Aspects of Financial Development on CEL
The empirical results in Table 8 show that the influence of seven specific aspects of financial development are not the same. Due to the limitation of the length of this paper, we only list the long-run results estimated by CDFE. From a national perspective, FSZ, FOP and FDP will increase carbon emissions, while FEF and FEC will help constrain the CEL. In each region, the influences are also different. Therefore, it is necessary to analyse each aspect and adjust the policies accordingly. The results are summarized in Table 9 , and the influences of FST and FGR [98] are not statistically significant, so we will not discuss the two indicators. 
Conclusions
This paper aimed to study their relationship more deeply and thoroughly to theoretically and empirically contribute to carbon emissions reduction in China. The detailed conclusions are shown in Figure 5 . Initially, a method for analysing carbon emissions considered 13 types of fossil fuels and cement, and a comprehensive index system to measure financial development is built based on the combination of a sequence global principal component analysis and the entropy weight method. Then, the extended STIARPAT model and dynamic error-correction model for panel data are employed to research the impact from the perspective of the entire country, regional differences and stage differences. Additionally, we also divide financial development into seven specific aspects to study their influences on carbon emissions. The main research conclusions are summarized as follows: (1) From a national perspective, whether measuring CEL by using CEPC, there is an inverted U-shape between FD and CEL. Currently, the development of finance can increase carbon emissions greatly, which indicates that financial development plays a larger role in stimulating consumption and expanding the investment scale than in the technological advancement and structure updating; (2) The eastern region is in a decreasing stage in an inverted-U shape, and the middle region is in an increasing stage. For both western and north-eastern regions, the current financial development will promote the increase of carbon emissions; (3) During the 10th FYP, the increase of energy consumption leads to improvement of carbon emissions. The detrimental impact of financial development on CEL tends to be weaker during the 11th FYP because the economic growth mode begins to transform from an extensive to intensity mode. For the 12th FYP, with the establishment of a resource-saving and environmentally The main research conclusions are summarized as follows: (1) From a national perspective, whether measuring CEL by using CEPC, there is an inverted U-shape between FD and CEL. Currently, the development of finance can increase carbon emissions greatly, which indicates that financial development plays a larger role in stimulating consumption and expanding the investment scale than in the technological advancement and structure updating; (2) The eastern region is in a decreasing stage in an inverted-U shape, and the middle region is in an increasing stage. For both western and north-eastern regions, the current financial development will promote the increase of carbon emissions; (3) During the 10th FYP, the increase of energy consumption leads to improvement of carbon emissions. The detrimental impact of financial development on CEL tends to be weaker during the 11th FYP because the economic growth mode begins to transform from an extensive to intensity mode. For the 12th FYP, with the establishment of a resource-saving and environmentally friendly economic system, financial development will gradually constrain carbon emissions. In summary, carbon emissions in China have transformed from low efficiency and high emissions to high efficiency and low emissions; (4) Financial size, financial openness, and financial depth can facilitate the increase of carbon emissions; however, in comparison, financial efficiency and financial ecology can effectively constrain the carbon emissions level. The influences of financial structure and financial growth are not significant.
To sum up, we have proposed a novel approach and conducted a thorough and comprehensive study to analyse the impact of financial development on the carbon emissions level, which will be helpful for policy makers to develop corresponding policies to realize the goal of carbon emissions reduction and achieve sustainable development in China.
Based on the conclusions above, policies can be proposed for the 13th FYP in China to balance the relationship between financial development and the carbon emissions level. It can be seen that carbon emissions will be affected by financial development in terms of financial size, financial openness, financial depth, financial efficiency and financial ecology. Therefore, the Chinese government needs to propose reasonable and detailed suggestions and policies according to the abovementioned factors of financial development and focus on the gaps between developed regions and less developed regions by strengthening technological cooperation and adjusting the measures to local conditions. The detailed policies on controlling carbon emissions are listed below:
Expand the financial size moderately and adopt an intensive mode of production Increasing financial size will lead to the increase of carbon emissions; however, this does not mean that the expansion of financial size prevents carbon emissions reduction. In contrast, expanding the financial size reasonably can increase the fund supply, which can help reduce the costs of introducing low-carbon technologies and increasing the motivation of enterprises to reduce carbon emissions. Therefore, the idea is to adjust the production mode of enterprises from an extensive pattern to an intensive pattern and eliminate companies with high emissions and overcapacity. The government should intensify supervision and implement regulations and rules promoting low-carbon development to avoid uncontrolled expansion of the financial size.
Continue expanding financial openness and shift the focus on foreign investment from capital to technology Expanding financial openness is beneficial, but the low entrance threshold and weak national competitiveness will result in low FDI investment quality, which can further increase unnecessary carbon emissions. Therefore, while expanding financial openness, the barriers to entry for the market should be improved. Additionally, developing countries also need to increase the appeal to FDI by reinforcing competitiveness, and the focus of foreign investment should be on the technology level instead of the capital scale. Finally, the government should guide foreign investment in the low-carbon industry and encourage financial creation, such as carbon finance, carbon bonds and so on.
Accelerate the financial depth and establish an integrated and standardized multi-level green financial market First, extending bank reform and the financial industry is beneficial to attracting investment in environmental protection facilities and technology, are necessary. Second, financial institutions should increase green-credit loans and encourage more investment in the environmental protection industry. Low-carbon enterprises can realize indirect financial gains through green credit and intermediary services of carbon finance. The government also needs to increase its support of the low-carbon industry and expand the direct financing of low-carbon enterprises by building green channels for their listing and establishing a carbon exchange market to guide capital to the low-carbon industry.
Improve financial efficiency and improve the market power of distributing resources efficiently, leading to social capital in the low-carbon industry On the one hand, both the conversion rate of deposit and the loan and utilization efficiency of financial capital should be improved. Financial institutions should track the management of enterprise capital, and more capital should be used to change the production technology of enterprises. On the other hand, the low-carbon consumption of residents should be improved so they purchase more low-energy consuming to optimize the financial environment of consumption.
Optimize the financial ecology and realize carbon emissions through external adjustment of the financial ecosystem First, the government should actively improve the financial ecological environment instead of passively meeting the requirements of economic activity. Accelerating improvement of financial ecology is beneficial for promoting energy conservation and emissions reduction of the real economy and achieving a low-carbon pattern earlier. Second, a certification system for low-carbon products should be created to increase awareness of low-carbon consumption by residents. Financial institutions can provide detailed channels to reduce carbon emissions by developing new carbon-related products. Finally, the government should encourage financial institutions to perform financial innovation of low-carbon products to offer companies and individual customers more opportunities to invest in the low-carbon industry, supporting carbon emissions reduction and low-carbon economic development.
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The authors declare no conflict of interest. Before discussing the empirical results of the relationship between financial development and carbon emissions, we need to solve three issues during the modelling process. One of the issues to be addressed is to test whether there is a cross-sectional dependence. Considering that the problem of inaccurate estimates of models can result from variable or residual correction across panel members owing to the spill-over effect and global common shocks, the cross-sectional dependence test is performed by applying the method developed by Pesaran [104] . The null hypothesis is that there is no cross-sectional dependence; accordingly, the alternative hypothesis is that cross-sectional dependence exists. The CD test is robust to the presence of multi-breaks in slope coefficients and in error variance. The results in Table A3 clearly show that the null hypothesis of no cross-sectional dependence is rejected in all models (p-value is 0.000). The second issue that needs to be addressed is to test for the presence of unit roots in panel data. Kim et al. [105] demonstrated that the PMG estimation of an ARDL regression could provide consistent estimators if there were a unique cointegration vector that defined the long-term relationship among variables regardless of the I(0) or I(1) process. Basically, this method does not require pre-unit root testing of the variables. PMG cannot be applicable to I(2) or a higher series. Consequently, we test the presence of a unit root by adopting the CIPS test proposed by Pesaran [106] . The null hypothesis of the test is that there is a unit root (non-stationarity) in the original time series; if the null is rejected in levels, the series is an I(0) process; if the null is not rejected in levels but is rejected in the first differences, the series is an I(1) process. The results in Table A4 indicate that the original level of the variables does not reject the null hypothesis that their series contain unit roots. However, the results for the estimation of the first difference of variables strongly reject the null hypothesis. Thus, the test proves that the series of all variables are I(1) processes. As a result, the variables need to be cointegrated into the model [107] . Since most variables are non-stationary, the third issue to be solved is to test for panel cointegration, and the test results are shown in Table A5 . The error correction-based cointegration tests developed by Westerlund [108] are used to test the null hypothesis of no cointegration between the carbon emissions and each explanatory variable. The first group of statistics, Gt and Gs, has a null hypothesis of no cointegration, and the alternative hypothesis is that there is at least one group of cointegration relationships. The second group of statistics, Pt and Ps, has the same null hypothesis as the first group, and the alternative hypothesis is that there is a cointegration relationship in the whole panel of data. From Table A5 , it can be seen that most of the statistics of the error correction-based cointegration tests are significant, rejecting the null hypothesis at the 10% level or better. Table A6 . Regions division of China.
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Region Provinces
Eastern Beijing, Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong and Hainan.
Middle Shanxi, Anhui, Jiangxi, Henan, Hubei and Hunan.
Western Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Xizang, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang.
Northeastern Liaoning, Jilin and Heilongjiang.
